Role of Reactive Dye and Chemicals on Mechanical Properties of Jute Fabrics Polypropylene Composites  by Arju, S.N. et al.
 Procedia Engineering  90 ( 2014 )  199 – 205 
Available online at www.sciencedirect.com
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of Engineering 
and Technology (BUET)
doi: 10.1016/j.proeng.2014.11.837 
ScienceDirect
 
10th International Conference on Mechanical Engineering, ICME 2013 
Role of reactive dye and chemicals on mechanical properties of jute 
fabrics polypropylene composites 
S. N. Arjua,A. M. Afsarb,*,D. K. Dasb, Mubarak A. Khanc 
aDepartment of Wet Processing Engineering, Bangladesh University of Textiles (BUTex), Tejgaon, Dhaka 1208, Bangladesh 
bDepartment of Mechanical Engineering, Bangladesh University of Engineering and Technology(BUET), Dhaka 1000, Bangladesh
 
cInstitute of Radiation and Polymer Technology,BAEC,Savar, Bangladesh. 
Abstract 
Surface modification of jute fabrics by chemical treatments with various chemicals in the presence and absence of reactive dye is 
made in view of their use as reinforcing agents in composites based on propylene (PP) matrix. Indosol-E50, Glycidyltrimethyl 
ammonium chloride (Glytac), Albafix WFF as well as conventional sodium hydroxide (NaOH) were used as chemicals for 
surface modification of jute fabrics. The effects of treated jute fabricsontensile, scanning electron microscopy (SEM),and water 
absorption properties of their resultingcompositeswereevaluated. The composites made from jute fabrics treated withAlbafix 
WFF plusNaOH had the highest tensile strength, which was 83% more than that of untreated jute fabrics reinforced composites. 
The higher tensile strength was attributed to the strong interfacial adhesion as a result of surface modificationofjute fabrics. 
Water absorption test revealed that the composites made from jute fabrics treated with Glytacplus NaOHhad 81% less water 
uptake than that of composites made from untreated jute fabrics. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of 
Engineering and Technology (BUET). 
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1.Introduction 
Among all the natural reinforcing materials, jute appears to be a promising fiber because it is relatively 
inexpensive and commercially available in the required form. It is a good substitute for conventional fibers in some 
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situations, when mechanical properties are not a priority. However, the hydrophilic nature of natural fibers is a 
major drawback for their application as reinforcement for hydrophobic polymer matrix. The poor moisture 
resistance of natural fibers leads to incompatibility and poor wettability with hydrophobic polymers and this causes 
poor fiber/matrix interface bonding. Chemical or physical modifications are, therefore, usually carried out to 
improve bonding and adhesion affinity to polymeric matrices and ensure dimensional stability. The use of 
compatibilizers[1], coupling agents, such as maleic-anhydride-polypropylene co-polymer (MAH-PP) [2], surface 
modification techniques, such as alkali treatments [3], acetylation [4], graft co-polymerisation[5]have been reported 
to overcome the problem of incompatible surface polarities between the natural fibers and polymer matrix.  
In the discipline of textile dyeing, most of the researchers focus on introducing cationic sites into the cellulosic 
fibers for interaction with anionic dyes to improve the dyeing performance. Recently, Glytac and sodium hydroxide 
treated jute fibers [6] were dyed with reactive dyes in combination with common salt and soda ash. It ensured higher 
K/S values, higher exhaustion and fixation, better washing fastness, and dry rubbing fastness than those of raw jute 
fabrics. 
In the above study [6], attention was focused only on the dyeing performance of modified jute fibers. Bonding 
and adhesion characteristics of Glytac treated jute fibers with polymer were not analyzed. In the present study, 
attention is paid to the evaluation of bonding and adhesion properties of jute fibers treated with Glytac, Caustic soda,  
Indosol E-50,andAlbafix W-FF with and without reactive dyes. 
2. Experimental 
2.1. Materials  
1/1 woven structured fabrics of untreated jute yarn were collected from Babu Bazar, Dhaka, Bangladesh. 
Specification of woven structured fabrics was - no. of yarn per inch: 10-12, no. of twist per inch: 4-5, yarn count: 
241 tex, strength:  about 68kg. Glytac, NaOH,Indosol E-50 liquid (aliphatic polyamine in aqueous solution), Albafix 
WFF (fixative),and Drimarene Red K-8b (reactive dye) were used as modification reagents. Glytac was purchased 
from Sigma-Aldrich Comp., 3050 Spruce State, ST Louise MO 63103; U.S.A. NaOH was purchased from Hatkhola, 
Dhaka, Bangladesh. Drimarene Red K-8b and Indosol E-50 liquid were supplied by Clariant Bangladesh Ltd., and 
Albafix WFF fixative was supplied by Huntsman Bangladesh Ltd. 
2.2. Methods 
2.2.1. Chemical treatment of jute fabrics 
Jute fabrics were treated with Glytac- 60 g/l, NaOH - 20g/l, mixture of Glytac- 60 g/l and  NaOH - 20g/l,  
IndosolE-50- 4g/l, Albafix WFF 20g/l,  mixture of Albafix WFF 20g/l and NaOH - 20g/l with and without reactive 
dye as shown in Table 1. The concentration of these chemicals was optimized with the extent of hydrophilicity and 
depth of color (K/S values) of the fabrics.As a reactive dye, 1% Drimarene Red K-8b was used in every procedure 
of G-2 in Table 1.  
Table1. Different treatment procedures. 
Group One(G-1) Group Two(G-2) 
Sample Chemicals (without dye) Sample Chemicals (with dye) 
Gl-1 Glytac Gl-2 Glytac + Dye 
S-1 NaOH S-2 NaOH  + Dye 
GS-1 Glytac + NaOH GS-2 Glytac + NaOH  + Dye 
I-1 Indosol E-50 I-2 Indosol E-50  + Dye 
A-1 Albafix WFF A-2 Albafix WFF  + Dye 
AS-1 AlbafixWFF+NaOH AS-2 Albafix WFF  + NaOH  + Dye 
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All the treatments shown in Table 1 were carried out in a sealed steel container in a laboratory dyeing machine 
Rota Dyer with the material to liquor ratio of 1:15 and at the temperature of 60◦C for 60 minutes. The samples were 
then taken out and washed with water at least three times in order to remove any residual chemical so that a final pH 
value of 7 was maintained and then dried in an open air. 
2.2.2. Preparation of composites 
Granules of polypropylene (PP) were used to prepare thin sheets (0.1-0.4mm thickness) using an extruder, Lab 
Tech Engineering Company Ltd. (USA).The PP sheets were cut into small pieces (18×18cm) and kept in the 
polyethylene bag until composite fabrication. Jute fabrics were cut into pieces of equal dimension (18×18cm)as PP 
sheetsand placed between two steel plates under normal pressure at 900C temperature to remove moisture. 
Composites were manufactured by sandwiching one layer of jute fabrics (55±1%) between two layers of pre-
weighted PP sheets and pressing at 5 metric ton pressure and1900C temperature for 10 minutes between two steel 
plates of Carver Laboratory press machine[7]. Then the compositeswiththesteel mold was cooled to room 
temperature using another press (Carver, USA) and released from the mold. The composites were then cut to obtain 
specimens of desired size.  
2.3. Characterization 
2.3.1.Water absorption 
Water absorption properties were evaluated for specimens of dimension 40×10×0.5 mm. The specimens were 
first dried in a vacuum oven at 70°C until a constant weight was attained. The weight of the dry specimens (w1) was 
measured carefully with an accuracy of ±0.01 g. Then, the specimens were immersed in distilled water for 24 h at 
room temperature (ASTM D 570-99). After that, the specimens were taken out and wiped with filter paper. The wet 
weight (w2) of the specimens was again measured and the water absorption was calculated using following equation. 
Absorbed water (%) = [(w2_ w1)/w1] ×100 (1) 
2.3.2. Tensile strength 
Tensile tests were performed according to ASTM D 638 with a universal testing machine (model H50 KS-0404, 
Hounsfield Series S, UK) at a crosshead speed of 5 mm/min.  All the results were taken as the average values of at 
least five samples. 
2.3.3. Scanning Electron Microscopy 
The fiber matrix adhesion of the tensile fracture surface of the composites was examined by using a Field 
Emission Scanning Electron Microscope (model no: JEOL JSM -7600F, serial no: SM1761001050105) supplied by 
AQ Chawdhury Science and Synergy (Pvt). limited. The micrographs taken at a magnification of 300X are 
presented in Section 3. 
3. Results and Discussion 
As mentioned in a preceding section, twelve different treatment procedures were employed for treatment of jute 
fabrics in order to examine the effects of different treatment procedures on the resulting composites. The effects are 
discussed in the sequel. 
3.1.Water absorption properties 
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Water absorption of jute fabrics reinforced PP composites (JRPCs) is an important characteristic that helps 
determine terminal applications of these materials [8]. Water absorption could lead to degradationofsome of the  
 
Fig. 1.Water absorption characteristics of jute fabrics/PP composites. 
 
properties and needs to be considered when selected for applications. It is difficult to eliminate entirely the 
absorption of moisture by the composites without using expensive surface barriers on the composite surface. 
However, it can be minimized by chemical and dye treatment of fabrics before their incorporation into composites. 
Water absorption in lignocellulosic-fibers-enriched composites can lead to build up of moisture in the fiber’s cell 
wall and also in the fiber-matrix interfacial region. Moisture built up in the cell wall could result in fiber swelling 
causing problems in dimensional stability. 
Water absorption characteristics of the jute fabrics/PP composites are shown in Fig. 1. It shows that the 
compositeswithNaOH treated (S-1) jute fabrics have the highest percentage of water absorption among all the 
composites. Because of the reaction of NaOH with jute fibers, the pectin in the lignin and on the surface of the fiber 
was partly removed, the cellulose structure was uncoiled, and the microfibers realigned along the fibers. That is why 
water absorption of these samples is increased. Apart from the sample S-1, all the other composites had lower water 
absorption compared to the raw jute fabrics/PP composites. Again, it is noted that chemical treatments in the 
presence of dye, i.e., the samples under the group G-2 in Table 1, shows lower water absorption of composites than 
that treated in the absence of dye, i.e., the samples under the group G-1 in Table 1. The samples GS-1, I-1, A-1 
(corresponding to treatment in the absence of dye) and GS-2, I-2, A-2 (corresponding to treatment in the presence of 
dye) exhibited the minimum amount of water uptake among all the samples.The lowest value of 4.16% is observed 
for the samples GS-2, which is 81% lower than that of the raw jute fabrics/PP composites. The overall reduced 
water uptake property of the composites reinforced with treated fabrics is due to the fact that the reactive dye or used 
chemicals react with the OH group of cellulose, which reduces the hydrophilic nature of the fiber, and the polymer 
fills the void space of the treated fiber [7]. 
3.2. Tensile strength 
The importance of natural fiber reinforced composites of polymeric materials comes from the substantial 
improvement of strength and modulus that offer a possible usage of composites in practical applications. Thetensile 
strengths of the raw and chemically treated jute fabrics/PP composites are shown in Fig. 2.It shows that, for all the 
cases, the composites with treated fabrics have higher tensile strength than that of raw jute fabrics/PP composites. 
Specifically, the tensile strength of the composites Gl-1, S-1, GS-1, I-1, A-1 and, AS-1 (corresponding to treatment 
without dye) was increased by 32.86%, 68.90%, 60.88%, 46.13%, 41.85%, and 83.38%, respectively, compared 
with that of the untreated jute fabrics/PP composites. On the other hand, the tensile strength of the composites Gl-2, 
S-2, GS-2, I-2, A-2, and AS-2 (corresponding to treatment in the presence of dye)  was increased by 
46.32%,54.42%,33%, 53.34%, 30% and, 59.42%, respectively, compared with that of the untreated jute fabrics/PP 
composite. The composites Gl-2 and I-2 show higher strength than corresponding composites Gl-1 and I-1. 
However, for other cases, only chemical (without dye) treated jute fabrics/PP composites have higher strength than 
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corresponding chemical plus dye treated jute fabrics/PP composites. In general, the increase in tensile strength of 
treated jute fabrics/PP composites may be attributed to the improved interfacial adhesion between the jute fabrics 
and the PP matrix. It is well-known that the tensile strength of JRPCs depends on the strength of both constituents 
and the adhesion between the jute fabrics and the matrix. The improved adhesion may be caused by the chemicals  
 
Fig. 2.Tensile strength of jute fabrics/PP composites. 
 
Fig.3. Modulus of treated and untreated jute fabrics/PP composites. 
which act as a link between the matrix and the jute fabrics by forming achemical bond with the organic functional 
group bonded to the polymer during composite processing.This co-reactivity with both the jute fabrics and the 
polymer via covalent primary bonds gave molecular continuityacross the interfacial region of the composite, which 
made the jute fabrics adjust well with the polymer resin. For NaOH treated jute fabrics/PP composites (S-1), the 
increase in tensile strength was attributed to the removal of pectin as discussed in the previous paper [9]. The alkali 
treatment gives a rough surface topography to the fiber and improves the fiber surface adhesive characteristics. It is 
believed that alkali also leads to fiber bundle fibrillation, that is, to breakdown of the composite fiber bundle into 
smaller fibers, a process which increases the effective surface area available for contact with the matrix. Among all 
the composites shown in Fig. 2, AS-1 composite gives the highest strength value (38.95MPa) which is 83% higher 
than that of the untreated fabrics/PP composites. Therefore, the treatment with the mixture of Albafix WFF fixative 
and sodium hydroxide is advisable when tensile strength is the main concern.  
3.3. Tensile Modulus 
Tensile modulus of composites is shown in Fig. 3. Tensile modulus is primarily dependent on fabrics weight 
fraction and not on physical structure of fabrics [10]. In the present study, it is found that all the composites 
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reinforced with treated jute fabrics have the higher modulus than that of composites reinforced with untreated jute 
fabrics. Further, S-1 composites reinforced with NaOH treated jute fabrics exhibited the highest tensile modulus. 
3.4. Elongation at Break 
Figure 4 shows the effect of surface modification of jute fabrics on the elongation at break of JRPCs. It is 
observed that the elongation at break of S-1, GS-1, AS-1, Gl-2, S-2, GS-2, A-2, AS-2 composites was higher than 
that of the untreated jute fabrics/PP composites. However, the elongation at break was not increased as expected for 
composites Gl-1, I-1, A-1, and I-2. The possible reason is the brittleness of jute fabrics after treatmentwith the 
chemicals corresponding to Gl-1, I-1, A-1, and I2. 
3.5. Scanning Electron Microscopy  
Figure 5 shows the SEMimagesof tensile fracture surfaces of composites. Figure 5(a) corresponds to untreated 
jute fabrics/PP composites while Figs. 5(b) and 5(c) correspond to chemical treated and chemical plus dye treated 
composites (AS-1 and AS-2), respectively. The SEM images illustrate the improvement ofthe interaction between 
the fibers and PP matrix in the cases of treated fibers. These composites show a different fracture surface. A large 
amount of PP left on the fiber surfaces which indicated good interfacial adhesion between the jute fibers and the PP 
matrix. Thus, it can be said that treatment of jute fabrics by AlbafixWFF plus alkali with or without dye (AS-1 and 
AS-2) improved their surface properties that enhanced the strength of these composites as seen from Fig. 2. 
 
Fig.4.Elongation of jute fabrics/PP composites. 
 
 
Fig. 5.SEM images of tensile fracture surfaces of composites (a) untreated, (b) AS-1 (c) AS-2. 
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4. Conclusions 
Surface modification of jute fabrics with different chemicals, namely Glytac, NaOH, mixture of Glytac and 
NaOH, Indosol E-50,Albafix WFF,mixture of Albafix WFF and NaOHin the presence and absence of reactive dye 
(Drimarene Red K8b) was performed. Effect of this modification of jute fabrics on mechanical and physical 
properties of their PP-based composites were investigated and analyzed. Each case of surface modification 
effectively improved the interfacial compatibility and resulted in improved mechanical properties. AS-1 composites 
exhibited the best interfacial compatibility with the highest (83% more) tensile strength.Although the treatment with 
sodium hydroxide increased the mechanical properties of the composites (S-1), it was unable to enhance the water 
absorption properties of composites. Among the G-2 composites, the composite AS-2 had the highest (59.42% 
more) tensile strength than those of the untreated jute fabrics composites. The microscopic investigation of the 
fractured surfaces of composites revealed enhanced bonding between the matrix and treated jute fiberswhich was 
attributed to improved tensile strength. Water absorption properties of Gl-1 and GS-2 composites were improved 
significantly from untreated jute fabrics composites. 
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